. British Journal of Industrial Medicine, 31, 10-17. Impairment of nasal mucociliary clearance in woodworkers in the furniture industry. Measurements of mucociliary clearance from the anterior end of the middle turbinate were made using technetium-99m-labelled particles in nine woodworkers from the furniture industry and in 12 controls, none of whom had been occupationally exposed to wood dust. Clearance rates in the controls ranged from 1 9 to 18-5 mm min-' with a mean of 6-8. These values are in good agreement with measurements reported elsewhere for normal subjects. Only one of the woodworkers had a clearance rate which fell within the normal range and he had been occupationally exposed for the shortest period (6 years). In four woodworkers clearance was very slow (< 1 mm min-) and in three there was almost complete stasis. The results of this preliminary investigation suggest that nasal mucociliary function is significantl-y impaired in workers who have been exposed to wood dust in the furniture industry for more than 10 years.
It has been established that there is a significant correlation between adenocarcinoma of the ethmoid sinuses and occupational exposure in the furniture industry of Buckinghamshire and Oxfordshire (Acheson, Hadfield, and Macbeth, 1967; Acheson, Cowdell, Hadfield, and Macbeth, 1968; Hadfield, 1970) . More recent work (Acheson, Cowdell, and Rang, 1972) has established that this correlation holds for other parts of England and Wales. It also appears that there is a similar incidence of adenocarcinoma in the furniture industries of Belgium (Debois, 1969) and France (Gignoux and Bernard, 1969) .
In recent years, a survey has been carried out by one of us in the High Wycombe area in which the noses of woodworkers were examined at their place of work. It was noted that deposits of dust were frequently seen on the septum and particularly at the anterior ends of the middle turbinates. In view of this observation, it was decided to investigate nasal mucociliary function in woodworkers to determine if there was any impairment of dust clearance mechanisms.
Mucociliary transport rates have been studied by a number of workers following the application of dye particles, radioactive particles or solutions of radioactive material onto the nasal mucosa. The disadvantage of using dye is that frequent inspection of the pharynx is required, which is not necessary when radioactive tracer methods are employed. Proctor and Wagner (1965) were the first to use tracer methods in human subjects. They injected [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] ,uCi of iodine-131 (as macroaggregated albumin) onto the nasal mucosa with a microsyringe and measured the transport rate, either from serial scans or with two fixed detectors. With this technique the labelled material spreads over quite a wide area of mucosa, and in more recent studies (Quinlan et al., 1969; Andersen, Lundqvist, and Proctor, 1971 ) the movement of a single relatively large (-500 ,um) resin bead, labelled with technetium-99m (99mTc), has been followed after placement on the mucosa with an applicator.
In the present investigation, it was considered desirable to use particles with similar dimensions to airborne wood dust and also to avoid touching the mucosa during application. A technique was developed which enabled a microdrop (1-2 ul) of a suspension of 99mTc-labelled polystyrene particles in physiological saline to be blown onto a predetermined position on the mucosa with considerable accuracy. It is considered unlikely that the rheological properties of the mucous film will be altered significantly by a drop of this size. Particles of 5 ,um diameter were selected as at that time it was anticipated that the airborne wood dust would have a mass median aerodynamic diameter (MMAD) in this region. Hounam, Black, and Walsh (1971) Preparation of technetium-99m-labelled particles The test particles used in this investigation consisted of polystyrene spheres irreversibly labelled with 99mTc (half-life 6 hours). They were prepared with a spinning disc aerosol generator using the technique described by Few, Short, and Thomson (1970) . The rotational speed of the disc was adjusted until the solid particles produced had a diameter of 5 zm. The particles were collected in a water impinger, washed by centrifuging, and finally resuspended in physiological saline just before administration. -Tes±a.ousp nsions of particles in saline showed that less than-% of theradioactivity was leached per day.
Administration of labelled particles The subject's nose was examined and the condition of the mucosa noted. A mark was made on the right cheek at a point corresponding to the centre of the anterior end of the middle turbinate in the larger passage. As the turbinates could be observed only with monocular vision, the fact that the lacrimal sac lies just anterior to the anterior end of the middle turbinate was utilized in positioning the mark. The subject then sat in a dentist's chair which was adjusted so that the mark was coaxial with the collimator of detector C (see below). To facilitate accurate repositioning of the subject following administration, arrows from projection torches were focused on small adherent paper discs attached to the nose and cheek.
The apparatus used for the administration of the particle suspension consisted of a 0-01 ml glass pipette inserted in a brass T piece, one arm of which was connected via a solenoid operated valve to a small reservoir of compressed air at a pressure of 12 inches of water. A small electric light bulb was located in the other arm so that the pipette acted as a light guide, producing a spot with diameter 1 mm at a distance of 1 cm from the tip.
To administer the particles a small volume (1-2 IAl) of a suspension of labelled particles was drawn into the tip of the pipette by capillary action. This volume of suspension contained about 50 000 particles. After surplus material had been wiped from the tip, the pipette was inserted in the selected nasal passage using a speculum to dilate the vestibule. With the spot of light to act as a guide, the pipette was aimed at the centre of the anterior end of the middle turbinate and operation of the solenoid valve blew the droplet onto the mucosa. There was little spread of material on impact and in no case was the subject aware of any sensation when the particles were administered. A red dye (Biebrich Scarlet R) incorporated in the particles enabled the accuracy of administration to be checked visually. Measurements of radioactivity were always started within a minute of administration. Measurement of particle clearance Following administration, the movement of particles was monitored by an array of four NaI(TI) detectors shown diagrammatically in Figure 1 . On the left of the subject's head, two 5 x 5 cm detectors (A and B) were located behind vertical slit collimators, each of dimensions 0 4 x 6-5 cm. The distance between the centres of the slits was 3-7 cm. To achieve maximum counting efficiency, the detectors were angled as shown (Figure 1) . The cross talk between the detectors was insignificant and they were shielded by 5 cm of lead which reduced their background to about 30 cpm.
A third detector (C), the same size as A and B, was located on the right of the subject's head. Attached to the face of the crystal was a cylindrical lead collimator with a parallel sided hole 2-3 cm in diameter and 5 cm long. The axis of this collimator corresponded to a position 1-8 cm in front of and 3-5 cm above the lower end of the anterior slit. It contained a small 450 mirror so that a light beam entering a hole in the side was directed along its axis. This facilitated alignment of this detector with the mark on the subject's cheek.
The fourth detector (D) consisted of a 2-5 x 2-5 cm crystal in a cylindrical lead shield with a 1 cm diameter hole cut in one side. The detector was positioned so that Each detector was connected to a linear amplifying system and scaler. The counts accumulating in one minute intervals were printed out and the counters were restarted automatically. The outputs of detectors A and B were also connected via ratemeters to a two-channel pen recorder so that a visual record of counting rates at the anterior and posterior slits was available during the course of each experiment.
Radiological dose
The average amount of 99mTc administered for each measurement was 0 7 u Ci, which is within the limit approved by the Medical Research Council Isotope Advisory Committee. The radiation doses involved were extremely small. For subjects with clearance rates within the normal range, the upper large intestine is the critical organ, and in no case did the dose exceed 1 mrem. In woodworkers with very slow clearance or stasis, the nasal mucosa is the critical organ, and for the three subjects with stasis, the average dose to the mucosa was about 30 mrem. The safety of the procedure was explained to the subjects. 
Results Controls
In all the controls there was fairly rapid movement of particles from the site of deposition. The corrected counting rates for detectors A, B, and C during experiments on subjects C7, C10, and C12 are shown in Figures 2, 3 , and 4 respectively. During measurements on the controls, the counting rate from detector A behind the anterior slit reached a maximum during the first 10 minutes and then declined fairly rapidly. The time taken to reach this maximum clearly depends upon the position of the slit relative to the site of deposition, as well as on the rate of movement of particles. The counting rate from detector B behind the posterior slit generally started to increase a few minutes later. In some subjects this increase was followed by a decline and in others by a further gradual increase. One subject (Fig. 3) demonstrated both patterns. These observations indicate that in some subjects, material removed from the anterior end of the middle turbinate tends to accumulate at the back of the nasal passages before being swallowed. It is also possible that at this point material is moving along or obliquely across the slit as it travels down the palate or lateral wall of the nasopharynx. All the controls exhibited clearly defined peaks in counting rate at both the anterior and posterior slits, and it was possible to derive rates of clearance from the time interval between them. Values obtained in this way are included in Table 1 .
Typically, the counting rate from detector C declined over the first 10 minutes. Occasionally there was a slight initial rise in counting rate which could be due either to inaccurate alignment of the detector with respect to the site of administration or to lateral movement of particles on the turbinate towards the detector. In -some cases the counting rate declined rapidly to background level, showing that all the particles had been cleared, while in others only part of the material was removed in the initial phase. Some subjects (Fig. 3) showed evidence of two distinct clearance phases, probably due to dispersion of the droplet and fragments following different routes on the turbinate. The corrected counting rates for this detector (normalized to an initial rate of 2 000 cpm) are shown in Figure 5 . In all subjects the counting rate of detector D declined steadily. In no case was there any increase which could be attributed to forward clearance.
Woodworkers
The clearance of labelled particles was generally much slower in the woodworkers than in the controls. For this reason, well defined peaks in counting rate from detectors A and B were observed in only two subjects. Although it was not possible to derive clearance rates for the other seven woodworkers by this method, information could be obtained from the counting rates from detector C (Fig. 6 ). These showed that in four there was very slow clearance, and in the other three no discernible clearance at all over a period of 30 minutes.
Discussion
Measurements of clearance on woodworkers were performed in the General Hospital at High Wycombe. Two of the controls were measured at High Wycombe and the remainder at the Atomic Energy Research Establishment, Harwell. Measurements of temperature and humidity were made during each investigation and are listed in Tables 1 and 2 . During the measurements at Harwell, the temperature was slightly higher and the humidity slightly lower than at High Wycombe. It is not considered likely, however, that variations within the observed range had any significant effect on clearance rates.
Measurements of nasal mucociliary clearance rates in normal subjects have been reported by a number of workers. The average rates of movement reported in the various studies fall in the range 5-10 mm min-' although the rates in individual subjects varied from < 1 to 100 mm min-'. For example, Andersen et al. (1971) were able to classify their subjects into three groups-32 who had uninterrupted particle movement, 14 who had a retardation after an initial normal flow, and 10 who had either a consistent slow movement or stasis. The results of a number of investigations are summarized in Table 3 which includes the results for the controls used in the present investigation. This shows that both the average rate of clearance and the range measured in the controls correspond well with the results of other workers. Repeat measurements were made on subjects C5 and C7 on different days over a period of about a month. The results (see non-smokers. There are insufficient data for any conclusions to be drawn regarding the effect of cigarette smoking. However, the results of Bang, Mukherjee, and Bang (1967) and of Quinlan et al. (1969) suggest that nasal mucociliary function is not radically impaired in smokers.
In most of the woodworkers, clearance was too slow to derive a value for the rate of movement from observations of counting rates at the two slits. To quantify the rate in subjects with restricted clearance, single exponential expressions were fitted to the corrected counting rates from detector C for the period over which it was changing most rapidly (Figs. 5 and 6) . In this way a half-time of clearance (t4) was obtained for all subjects, except those in whom there was either very slow clearance or stasis. Values of t obtained in this way are listed in Tables 1 and 2 . In Fig. 7 group.bmj.com on June 26, 2017 -Published by http://oem.bmj.com/ Downloaded from min-') to be determined accurately from the counting rates at the anterior and posterior slits.
Because of the slow movement of particles, measurements of clearance rates were possible in only two of the woodworkers. In one, the rate was 2-7 mm min-', which is within the range of values measured in the controls. This worker was the youngest of the nine and had worked in the furniture industry for only six years. In the other, the oldest of the woodworkers, who had been in the industry for 15 years, the rate was 1 mm min-'. Although it was not possible to measure clearance rates in the other seven woodworkers, information on clearance could be derived from measurements at the site of deposition with detector C. Three of the seven showed no significant clearance over a period of 30-60 minutes, and two had very slow clearance (t+ > 1 hour). The values for tq are included in Table 2 and, using this criterion also, only one of the woodworkers is within the range of the controls.
As well as noting the appearance of the nasal mucosa, smears were taken from the noses of woodworkers at the termination of clearance measurements. The appearance of the mucosa and the results of cytological examination of the smears are described in Table 2 . The mucosa of three woodworkers was dry in appearance, and in the snuff taker it was described as wet and boggy, which is characteristic. Squamous cells were identified in smears from one woodworker and metaplastic cells in smears from three others.
Conclusions
It appears from the results of this limited investigation that exposure to wood dust in the furniture industry for 10 years or more can impair mucociliary clearance at the anterior end of the middle turbinate. Clearly, a more detailed study would be required to relate cause and effect more precisely. The fact that deposits of dust are frequently seen at this site in woodworkers suggests that impairment may be quite general.
The significance of these observations with regard to the aetiology of nasal adenocarcinoma in woodworkers is of interest. Hadfield and Macbeth (1971) have suggested that fine wood dust, or soluble constituents derived therefrom, may find its way into the mucous glands of workers with impaired clearance.
Examination of particles of airborne wood dust, sampled in furniture factories in the High Wycombe area, with the scanning electron microscope (Hounam and Williams, 1974) showed that they are generally fibrous or flaky in character and have a high surface area to volume ratio which could facilitate the leaching of soluble toxic constituents. If certain types of wood contain soluble carcinogens, then in workers with impaired clearance, certain regions of the mucosa will be subjected to higher concentrations than in subjects with normal clearance. This may account for the relatively high incidence of squamous metaplasia in the noses of woodworkers.
